The purpose of this study was to evaluate clinical and radiographic results of implant supported fixed prosthesis with and without cantilever extensions for "All on four" implant rehabilitation of atrophied mandible.
INTRODUCTION
The rehabilitation of edentulous patient with conventional denture for many years often lead to severe mandibular alveolar bone atrophy, with superficialization of the alveolar nerve. The patients usually have high muscle attachments, sensitive mucosa, knife-edged ridges, sharp mylohyoid projections, and superficial mental nerve 1 . This increase pain and discomfort during mastication and may limit placement of implants in a conventional manner. In such cases, the surgical approach for implant rehabilitation should take into account the patient's anatomical condition especially the posterior ridge 2 . The implant prosthetic options for mandibular atrophy include implant supported overdentures, or implant-supported fixed prostheses. However, implant overdentures are mucosal supported and the patients usually desire a fixed prosthesis that is totally supported by implants. Bone augmentation is needed to achieve sufficient bone support in the posterior severely atrophic mandible. However, this procedure has higher risk of patient morbidity and complications (e.g., infection, loss of graft material) as well as higher costs and longer time intervals to complete the treatment 3 . Another option is repositioning of inferior alveolar nerve by lateralization or transposition. however, this technique usually associated with neurosensory disturbance 4 With All-on-Four treatment, bone augmentation and inferior alveolar nerve displacement are omitted. The concept involve strategic implant positioning to enhance prosthetic support (i.e., two implants inserted vertically in the canine regions and two distally tilted implants (30 o ) just mesial to the mental foramen) 5, 6 . This approach provides long posterior implants, improves the bone/implant anchorage. Furthermore, restoration support is improved due to increasing the anteroposterior spread and shortening of cantilevers which provide optimum load sharing. Additionally, the grafting procedures may be omitted, causing reduced morbidity and costs. Moreover, the immediate function concept represents a major advantage for patients, providing less time-consuming treatments 7, 8 . Most definitive prostheses included 12 teeth thanks to good locations obtained by distal tilting of the posterior fixtures. 9 The conventional location of mental foramen is in the second premolar area or between the premolars (posterior mental foramen). In some anatomical conditions, advanced mandibular atrophy may be associated with anterior positioning of mental foramen (anterior mental foramen) or medially extended loop of mental nerve. 11, 12 In these situations, distal tilting of the implants may not reach 30 o , and may not provide a wider prosthetic support due to shortening of anteroposterior spread. To solve this problem; angling the implant transalveolarly from buccal toward lingual without the use of cantilevers may be used 10 . However, this carries high risk of lingual plate perforation especially with presence of lingual concavities. Another option is to use a 10mm cantilever distal to the posterior implants 11 .
Adding a cantilever to the final All on Four implant prosthesis still a matter of controversy. Zyl et al. 12 in a study of mandibular cantilever superstructure concluded that extension of cantilever beyond 15mm resulted in increased stress in the lingual and buccal sides of the implants, which may compromise the osseointegration of the implant. Horita et al. 13 found that cantilever length was directly proportional to the increase in periimplant stresses. The stress in the 15-mm cantilever models caused a 33% increase in stresses compared with the 5-mm cantilever. In contrast, Malhotra et al. 14 , in a finite element analysis did not found any significant difference in stress and strains between 4mm and 12mm cantilever lengths for both 30° and 40° posteriorly tilted implants for all on four prothesis. However, the clinical and radiographic evaluation of the cantilevered All on four fixed prosthesis was not a concern. Accordingly, the aim of the present study was to evaluate the clinical and radiographic outcomes of implant supported fixed prosthesis with and without cantilever extensions for "All on four" implant rehabilitation of atrophied mandible. The null hypothesis was that there will be no significant difference in outcomes between prostheses with and without cantilever extensions.
MATERIAL AND METHODS
Ten completely edentulous individuals with mean age of 59±5.3 years were included in this study from outpatient clinic of Prosthodontic Department of Alfarabi Private College for Dentistry and Nursing-Jeddah, Kingdom of Saudi Arabia.
The included participants had the following criteria: 1) atrophied mandibular ridges (class IV-VI) according to the classification proposed by (Cawood & Howell 15 ) with insufficient retention and patient complain from instability of mandibular dentures, 2) sufficient bone height and width in the interforaminal area to receive four implants with standard diameter (at least 11 mm long and 3.7 mm wide). The exclusion criteria were: 1) serious problems of coagulation,2) diseases of the immune system, 3) uncontrolled diabetes, 4) metabolic diseases affecting bone, 5) irradiation of the head or neck region in the last 2 years, and 6) inadequate oral hygiene level. The patients instructed about the treatment protocol and objectives prior to obtain an informed consent. The study was conducted according the ethical principles of Helsinki Declaration (https://www.wma.net/). The participants were classified into 2 groups according to location of the mental foramen: 1) Group I: included 5 patients with posteriorly placed mental foramen who received 4 implants according to the All on Four concept and restored with fixed prosthesis without cantilevers, 2) Group II: included 5 patients with anteriorly placed mental foramen who received 4 implants according to the All on Four concept and restored with fixed prosthesis with distal cantilevers. Allocation of the patients to treatment groups was made using a quasi-random method by random generated numbers generated in Excel sheet. The randomization was done in a manner that ensure equal gender distribution in both groups. The demographic data of both groups are presented in table 1. 
Surgical and prosthetic procedures
All patients received new maxillary and mandibular conventional dentures. The new mandibular denture was duplicated into acrylic resin radiographic template (with gutta-perchae radiopaque markers fitted to the fitting and polished surface). Patients underwent CT scans (CBCT, i-CAT Vision®, Imaging Sciences International, Hatfield, PA, USA) to accurately assess the quantity of bone and location of mental foramen, mental loop and mandibular canal. All patients were sedated with diazepam prior to surgery. Antibiotics (amoxicillin 625 mg + clavulanic acid 125 mg, Augmentin® 1gm) were given 1 hour prior to surgery and daily for 6 days thereafter. Cortisone medication (Dexamethazone®) was given.
Anti-inflammatory medication (ibuprofen®, 600mg) was administered for 4 days postoperatively. Analgesics (Ketolac® 10mg) were given on the day of surgery and postoperatively for the first 4 days. Local anesthesia was administered. A mid crestal incision was made and a mucoperiosteal flap was raised to expose the crest and the mental foramina. When needed bone flattening was made to provide a flat shelf that used to establish optimal implant position and angulation to maximize implant fixation for immediate loading 10 .
Each patient received 4 implants (TioLogic, Dentaurum) according to the "All-on-4 concept" (Malo, et al. 2003a ) using a special metal guide (Malo edentulous guide™, Nobel Biocare AB).
(figure 1).
Anterior implants were inserted at canine/ lateral incisor area parallel to each other and perpendicular to occlusal plane. Posterior implants were inserted in premolar area just anterior to mental foramina and tilted 30-35° distally to emerge in the region of mesial cusp of the first molar tooth (Group I) (figure 2 a). This placement enhances good implant anchorage and support, shortens cantilever length, and increases anteroposterior spread (Krekmanov, et al. 2000) . In group II, most posterior implants were placed close to the anterior wall of the mental loop and were tilted distally about 30° relative to the occlusal plane ( figure 3 a) . The implant emerged at the second bicuspid location and first molar teeth were cantilevered. The implants were inserted with a minimum torque of 40 Ncm to allow immediate loading. Reduction of the width of osteotomy preparation was made with reduced bone density to obtain high primary implant stability 11 .
Straight multiunit abutments (AngleFix abutments, TioLogic, Dentaurum) were screwed in the canine implants and 30-degree multiunit abutment were screwed into posterior implants. All abutments were torqued at 25Ncm. Implants were immediately loaded by existing mandibular dentures. The denture base was hollowed and the mandibular denture was modified by removal of denture flanges and second molar artificial teeth. Temporary metal caps were screwed to the multiunit abutments and picked up to the modified denture using auto polymerized acrylic resin 2 . The occlusal contact on provisional mandibular denture was limited to canine and incisors in centric occlusion; and posterior occlusal contacts were eliminated to avoid lateral force on the inclined implants. Anterior occlusal contacts and canine guidance during lateral movements were made in the provisional prosthesis 16 . Participants were instructed for oral hygiene procedures and informed to attend regular follow-up visits. Patients were advised to adhere to a soft diet for the first 2 months post-surgery and to return to a regular diet, but avoid harder food items for another 2 months. After 3 months integration period, an abutment level open tray impression procedure was made using a polyvinilsyloxane (Zhermack®, Badia Polesine, Rovigo, Italy). To minimize movement of the transfer coping during impression making, the copings were splinted with ligature wire and Duralay autopolymerized resin pattern (Duralay, Reliance Dental MFG Co, Worth, IL, USA) on the casts ( figure 4) . The splinting resin bars between the implants were sectioned and assembled intraorally to obtain passive fit before making the impressions. On the cast, the plastic caps were connected to multiunit abutments. The cast was scanned using a CAD/CAM device (Ceramill Map400, Amann Girrbach AG. Koblach, Austria), then a cast metalceramic fixed prostheses that replace lost gingival tissues with pink porcelain was planned using the software of the device. The fixed partial denture was milled in polymerized resin disc and tried in patient mouth for passive fit. The resin pattern was cast in a nonprecious cobalt-chromium alloy (Heraenium Pw, Heraeus-Kulzer GmbH, Hanau, Germany). The cast superstructure was tried intraorally for passivity using the single screw Sheffield test. The porcelain powder (Heraeus-Kulzer GmbH, Hanau, Germany) was mixed with the modeling liquid, applied onto the cobalt-chromium metal substructure over the opaque layer, fired, finished and glazed. The fixed partial denture has 12-unit artificial teeth in both groups with no cantilevers in group I (figure 2 b) and maximum 12mm cantilever in group II (figure 3 b) (which represent the width of first molar tooth). In this final prosthesis, the occlusion mimicked natural dentition 17 . The final prosthesis was delivered typically 3 months post-surgically. The screws access holes were sealed with composite resin 11 
Clinical and radiographic evaluations
Clinical and radiographic evaluations of periimplant tissues were performed after prosthesis delivery (T0), six months (T6) and 12 months (T12) after delivery. Plaque index and gingival index were evaluated using the Mombelli indices 18 . A graduated plastic probe was used to measure the pocket depth in mm 19, 20 . Implant mobility was assessed using resonance frequency analysis. The Osstell device (Integration Diagnostics Ltd.) expresses the mobility as implant stability quotient. The multiunit abutments were removed and smart pigs of the Ostell device were connected to the internal hex of the implants. Plaque index, gingival index and probing depth were measured at the midfacial, mid-lingual, mid-mesial, and mid-distal aspects of each fixture.
Peri-implant bone loss was measured using cone beam computed tomography (CBCT, i-CAT® apparatus. Hatfield, PA, USA) according to the procedure described by Elsyad et al. 21 . The acquired and reconstructed three-dimensional images were exported as DICOM-files. Two vertical crosssectional images perpendicular to the long axis of each implant were reconstructed; 1) mesiodistal (MD) image: bisect the ridge and the implants mesiodistally 
Statistical analysis
The data were analyzed using SPSS® software version 22 (SPSS Inc., Chicago, IL, USA). Mann Whitney test was used for comparisons between groups. The difference between observation times was detected using Friedman test followed by Wilcoxon signed ranks test for pair-wise comparison between observation times. P-values <0.05 were considered to be significant.
RESULTS
One posterior implant failed to integrate in each group. The failures were due to overload and were associated with mobility and marginal bone loss without suppuration. The implants were excluded from the study resulting in 95% survival rate in each group after exclusion. The failed implants were removed and additional 2 implants with larger diameter were inserted after irrigation of the implant sockets and the implants were left to integrate submerged without implant loading.
Comparisons of measured outcomes between observation times for anterior and posterior implants are shown in table 2 and table 3 Comparison of outcomes between groups for anterior and posterior implants are presented in table  2 and table 3 respectively. For anterior implants, no significant difference in plaque index, gingival index, pocket depth implant mobility and bone resorption between groups was noted. For posterior implants, group II showed significant higher plaque index, and gingival index than group I after 6 and 12 months. No differences in probing depth, implant mobility and bone resorption between groups was noted for posterior implants.
Comparisons of measured outcomes between anterior and posterior implants for both groups at time intervals are shown in table 4. Posterior implant showed higher plaque scores than anterior implants in both groups after 6 and 12 months. Posterior implant showed higher gingival scores than anterior implants for group II only after 6 and 12 months. No difference in gingival scores (group I) and bone loss (both groups) between anterior and posterior implants was noted after 6 and 12 months. Posterior implant showed significant higher pocket depth for both groups after 12 months. No difference in implant mobility between anterior and posterior implants was noted for both groups at different observation times.
TABLE (2): Comparison of measured outcomes between observation times and between groups for anterior implants

Base line 6 months 12 months Freidman test (p value)
Plaque indices
Group I Med(Mini-Maxi)
.00(.00-1.00) .00(.00-.100) 1.00(1.00-2.00) .003*
Group II Med(Mini-Maxi)
.00(.00-1.00) .00(.00-2.00) 1.00(1.00-3.00) .002*
MannWhitney Test (p value)
.06 .09 .13
Gingival indices
Group I Med(Mini-Maxi)
.00(.00-.00) .00(.00-.00) .00(.00-.00) 1.00
Group II Med(Mini-Maxi)
.00(.00-.00) .00(.00-.00) .00(.00-.00) 1.00 Fig. (7) : Plaque scores for anterior and posterior implants at different time intervals for both groups .00
MannWhitney Test (p value)
Med= median, mini= minimum; maxi= maximum; X=mean; SD=Standard deviation; different letters in the same raw indicate significant difference between each 2-time intervals. *= significant at .05 level
(.00-1.00)
.00
(.00-.100)
(.00-2.00) .00 (.00-.00) .00 (.00-.00) .00 (.00-.00) .00
(.00-.00)
.00 (.00-
1.00) Posterior
Med(Mini-Maxi)
(.001.00)
(.00-.00) . 
DISCUSSION
Cone-beam computed tomography (CBCT) provides three-dimensional images and consequently additional information in comparison with the twodimensional periapical radiographs 22 . Cross-sectional images obtained using CBCT allow visualization of the bucco-lingual bone surrounding dental implants 23 . Therefore, CBCT was used for evaluation of marginal bone loss in buccal and lingual sites besides mesial and distal which is not applicable in case of periapical radiographs.
The plaque and gingival indices increased with time for both groups. The same finding was also noted by Ayna et al. 24 for metal ceramic fixed prosthesis. The increased plaque accumulation may be attributed to the decreased manual dexterity of old participants causing in reduced cleaning. Moreover, the increased atrophy in both groups is accompanied by an elevated floor of the mouth and consequently with changes in location of the salivary glands enhancing the formation of calculus and plaque 25 . The increase plaque accumulation causes increased gingival inflammation and consequently gingival scores increased. Similarly, Ayna et al. 24 attributed the increased gingival indices to the higher plaque accumulation. In contrast to these findings, some authors had reported that there is no time effect on plaque and bleeding indexes between groups and plaque and bleeding indices improved from 6 to 12 months regarding using mandibular fixed prosthesis with All On Four concept 16, 26 . The increased plaque and gingival scores for group II compared to group I may be due to decreased interimplant distance between anterior and posterior implants which complicate oral hygiene procedures. In line with observation, Abi Nader et al 27 reported that plaque accumulation was influenced by the distance between the inserted implants. Also, these results are in line with other investigations, in which the authors reported that the wider inter-implant distance, cause reduced plaque accumulation on the surfaces of these implants 16, 26 . Another explanation could be attributed to the distal cantilever in group II which provide sheltered area for plaque to accumulate and make cleaning more difficult. For group II, posterior implants showed significant higher plaque index, and gingival index than anterior implants. A similar finding was noted by Krennmair et al 25 who compared axial and tilted implants supporting All-On-Four mandibular fixed prosthesis. They attributed this finding to the impaired cleaning process of posterior implants caused by prosthesis design with excessively close gingival attachment due to the inaccessibility of posterior implant compared to anterior implants.
The pocket depth increased significantly with passage of time for both groups. In agreement with this observation, several authors reported an increase in pocket depth around implants supporting "All On Four" prosthesis 24, 25 . The increased pocket depth with time may be attributed to the increased plaque accumulation, gingival inflammation, marginal bone resorption and mucosal enlargement around the implants 28 . For both groups, pocket depth of posterior implants was significantly higher than anterior implants after 12 months. This may be due to increased plaque accumulation and gingival inflammation and enlargement around posterior implant.
Another explanation may be attributed to the surgical technique used for placement of posterior (inclined) implants which necessitate subcrestal merging of the inclined implants with preparation of occlusal flare in the crestal bone to accommodate the multiunit abutments. This may increase bone loss and creates deeper pockets around posterior implants compared to anterior ones. This could explain also why pocket depth did not differ between groups as the same surgical technique was used in both groups. In contrast, Krennmair, et al. 25 found that pocket depth did not differ between anterior and posterior implants.
Resonance frequency analysis was used to evaluate implant mobility as it is noninvasive method that allow verification of implant mobility during healing and in subsequent evaluations 29 . Implant mobility values obtained in all observation times was above 60. No difference in implant mobility was noted between groups or anterior and posterior implants. This may be due to all implants are inserted in the interforaminal area of the mandible which characterized by increased bone quality and density. The lack of difference in implant mobility between anterior (vertical) and posterior (tilted) implants was in line with results of other studies [29] [30] [31] .
The results of the present study demonstrated a significant increase in bone resorption with passage of time. This may be due to the natural biological process of bone remodeling which occurs after implant placement and immediate bone response to healing and reorganization combined with function stresses 32 . The amount marginal bone loss after one year not exceeds 1.1mm. This rate of bone loss remains within the normal rate which is 1.2mm in the first year [33] [34] [35] [36] [37] .
The cantilever length of implant supported prosthesis is a critical factor in the transfer of the occlusal load to the fixtures and the supporting bone 38 . Cantilever lengths differ with biologic and mechanical factors, and bone quality is the most critical criteria in detecting the cantilever length. The ideal cantilever length is that which allows uniform distribution of the functional forces to the bone without overloading the implant/bone interface 39 . Zyl et al 12 reported that cantilever extension beyond 15mm may cause increased stress in the lingual and buccal sides of the implants, which may affect the osseointegration of the implants. Greater stresses may cause the interfacial strain to reach the pathologic overload zone and may cause microfracture of the bone, fibrous tissue formation, and/or bone resorption. 14 The most interesting finding of this study, that there was no significant difference in marginal bone loss between prosthesis with and without cantilever extensions. This could be attributed to the shortened cantilever length utilized in the present study. Cantilever length / Anterior-posterior spread ratio was suggested to be of 1.5 as guides for the maximum allowable cantilever extension which is dependent on the number of implants and distance between the most anterior and posterior implants 40 . In this study the cantilever length did not exceed this ratio as only one molar was added as a cantilevered pontic (with maximum mesiodistal width of 12mm). Another explanation may be attributed to the opposing dentition which is conventional dentures in both groups thus transmitting reduced forces to the implant compared to natural dentition or fixed prosthesis during function and parafunction 41 . Moreover, the favorable bone density observed in the mandibular anterior ridge permits a cantilever extensions ranged from 15 to 20 mm 42 . Similarly, several clinical reports indicated that cantilevers of conventional fixed partial dentures on parallel implants did not lead to increased bone resorption around supporting implants and that the higher stresses on the implants with cantilevers was still be within the physiologic adaptive capacity of the surrounding bone [43] [44] [45] In line with this observation, Malhotra and Padmanabhan 14 did not found a significant difference in stress and strain between 4 mm and 12 mm cantilevers for both 30° and 40° posteriorly inclined implants using finite element analysis. In contrast, Horita, Sugiura et al. 13 reported that mandibular fixed full-arch prostheses without cantilevers may result in a favorable reduction of the peri-implant bone strain during the healing period, compared with cantilevers. They added that the high compressive stress in the 15-mm cantilever models causing a 33% increase in stresses compared with the 5-mm cantilevers. However, for strain to be pathologic it should reach certain level. In this study the stain resulted from short cantilever appears to be located within the normal physiologic zone. Therefore an increased bone modelling occurs, which causes a woven bone formation rather than bone resorption. 14 For both groups, no significant difference of marginal bone loss between anterior and posterior implants was noted at all observation times. This may be due to distal inclination of posterior implants that permits for reduction or elimination of the cantilever length, resulting in reduced stresses in the bone around the implants as stated by 46, 47 . Moreover ,the use of tilted implants increased the anteriorposterior spread, splinting the implants with a rigid superstructure may contribute to a favorable pattern of bone resorption regardless of the axial or tilted implant placement 25 . This was in agreement with Khatami et al., who stated that if tilted implants are part of a multiple implant-supported prosthesis, the spread of the implants and rigidity of the prosthesis will reduce or change the nature of bending forces 48 . Similar to these findings, a clinical study by Lopes et al., found no difference in bone resorption between vertically and posteriorly tilted fixtures after 5-year 49 
